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An additional group of spleen cells containing the optimal concentration of a thymus-independent antigen, DNP-Ficoll and DNP-polyacrylamide, was often included to measure B-cell responses.
% Response = (suppression -background)/(help -background) × 100.
Normal spleen cells and peritoneal exudate cells were treated with anti-Thy-l.2 (antiserum prepared by Dr. Elizabeth Simpson and tested by Dr. P. C. Beverley) and rabbit complement as described (35) . Normal spleen cells were also passed through nylon wool columns (25-30% passed cell yields) (34) .
Assay of Antibody-Forming Cells (AFC). The responses were evaluated by assaying the
number of IgM and IgG (using goat anti-~ and sheep anti-IgG enhancing sera) anti-DNP (dinitrophenyl, cross-reacting hapten to TNP) (36) AFC/culture (31) . The results are expressed as means of triplicate cultures -~ standard error. Table IV , equally effective suppression was obtained when either unpassaged HC or nylon wool-passaged HC were used. Thus, the SF eventually acts on a T cell in the helper T-cell pool which is not adherent to nylon wool. However, SF could act first on an auxiliary T cell in normal spleen. To exclude this possibility, nylon wool-passaged HC were cultured with anti-Thy-1 and complement-treated spleen cells. Suppression was unaffected, suggesting that the target for the action of SF was within the nylon wool-passed cell population (data not shown). (18) , there are cells of the Ly 1 + 2 + 3 + Iaphenotype (e.g. amplifier cells in helper/suppressor cell induction, [23] ) and of the phenotype Ly 1-2 + 3 + Ia + (e.g. suppressor effector cells [23] ). To further clarify the characteristics of the actual target cells for the action of SF, HC populations were treated with anti-Ly-2 antisera and complement (C'). This procedure did not affect suppression, suggesting that primed Ly-2-positive cells (e.g. either Ly 1 ÷ 2 ÷ 3 + or Ly 1-2 ÷ 3 + cells) were not required for the function of SF (Table V) . To exclude the possibility that unprimed Ly 2 ÷ 3 ÷ or Ly i f 2 ÷ 3 ÷ cells present in normal spleen could act as an Ly 2+ or Ly 1 ÷ 2 + mediator of the SF effect anti-Ly-2 + C'-treated HC were cultured with anti-Thy-1 + C'-treated spleen cells. These procedures did not abolish suppression (Table VI) . These results suggest that Ly 2 ÷ cells (either Ly 2 ÷ 3 ÷ or Ly 1 + 2 + 3 +) are not essential for the function of SF.
Results
Action of SF on Helper
Receptors for SF on Other Cell Types. In addition to the functional target cell of SF present in nylon wool-passed HC, and insensitive to anti-Ly 2.1 serum + C', other cell types might carry a receptor for the SF. In comparison to HC, other cell types proved inefficient in absorbing out the activity of SF. Thus syngeneic spleen cells, splenic T cells, or ATX + ALS spleen cells, a population consisting chiefly of B cells and macrophages, did not absorb out the activity of SF. This is in contrast with nylon wool-passed HC, which on cell-to-cell basis were much more efficient than untreated HC. The efficiency of HC in absorbing out the activity of SF is in contrast to the in vitro-induced SC, which did not absorb out the SF activity. However, syngeneic peritoneal exudate cells did absorb out some of the SF activity. This effect was lost, however, when macrophage monolayers derived from peritoneal exudate cells rather than peritoneal exudate cells as such were used for absorption (Table  VII) . Other activated T cells (in addition to HC and SC) have been tested for their ability to absorb out the activity of SF. These results will be reported elsewhere.
Lack of Genetic Restriction in the Action of SF. In the in vitro culture system used in these experiments, products controlled by the 1-A subregion of the H-2 complex have been shown to be involved in the triggering of helper cells by specific macrophage products (38, 39) , and as being part of the helper factor molecule (40) . Therefore, it was of interest to determine whether Icontrolled products were involved in the function of SF and whether genetic restriction was expressed at a functional level as in the macrophage T-cell interaction (38) . When SFKL H produced in B10, B10.A, B10.A(4R), B10.A(5R), B10.Br, or B10.HTT and in A/Sn (or A/J) or SJL mice were tested for their ability to suppress TNP-KLH responses by CBA HC-KLH or in secondary TNP-KLH responses by in vivo TNP-KLH-primed (CBA x B10)F1 or CBA spleen cells, the suppression was equal in magnitude to that caused by syngeneic SFKLH. In the secondary response to TNP-KLH, both IgM and IgG were suppressed to the same extent. Also, when HCKLH of B10 or C57B1 origin were used as a target for SF, equal suppression was obtained (Tables  IV-VI, VIII, IX) .
These results differ from the results of Taniguchi et al. using suppressive extracts of in vivo-induced suppressor cells, where certain strains such as A/J do not produce suppressive extracts, and other strains, such as B10 and the B10 congenics, are nonsuppressible (26) . Also, the genetic requirements for effective suppression differ, since in the system of Taniguchi et al.,/-J-region homology is required between the strains yielding suppressor cell extract and the target for effective suppression (26) . accessory cell, before the release of HF) and clearly not the B cell or the macrophage which interacts with it and HF. Experiments to define the target more precisely were performed by purifying the cells in the helper cell pool. The target of SE described by Tada et al. (37, 41) was a primed, nylon wooladherent T cell with the Ly-l+2+3+ I-J + membrane phenotype, which is not a helper cell. Thus, we ascertained the membrane phenotype of the suppressible cell within the helper cell pool. Table IV indicates that it was not adherent to nylon wool. Table V indicates that it was an Ly-1 + cell, as treatment with anti Ly-2.1 serum and complement, which would kill both Ly-l+2+3 ÷ cells and Ly-2+3 + cells had no effect on the capacity of SF to inhibit the in vitro response.
Our results were different from those of Tada: the suppressible cell here is Lyl ÷, and nylon wool nonadherent. However, since our assay system also (Table  VI) . The above experiments indicate that the target of in vitro SF was an Ly-1 + nylon wool nonadherent cell within the HC pool. This is of the same phenotype as the helper cell, but it is not certain that the target is the HC. Theoretically, it may be another cell of the same membrane phenotype which then transmits its signal to the antigen-specific helper cell itself. Further experiments are necessary to distinguish between these possibilities.
Genetic restrictions of cell interaction have been reported in several circumstances; in T/B-cell interactions (42) , in T-macrophage interaction (43, 44) , in mixed leucocyte cultures between SC and mixed leucocyte-reactive cells (45) , and also in suppressor cell-target cell interactions (26) . In the latter circumstances, the genetic restrictions were mapped to I-J region (26) . Analogous experiments were thus performed with SF, SFKLH, SF(T,G).A_L, and SFGA T on several strains. No evidence for genetic restrictions was obtained, even with limiting dilution of SF, in either primary (Tables IV, V, IX) or secondary responses (Table VIII) . The results shown here are only with SFKLH, those with SF(T,G).A_ L or SFGA T will be detailed elsewhere. It should be pointed out that not all SE are genetically restricted and require homology at the I-J region. Kapp et al. (28) , using suppressor extracts of cells primed to GAT, found that these worked on allogenic strains, but only if they were GAT nonresponders. SE to a copolymer of L-glutamine-L-tyrosine appears to work in allogeneic or syngeneic nonresponder strains (46) .
The discussion so far has made it clear that contrasting results have been obtained with SF and SE. For easy comparison these have been tabulated (Table X) , and they extend beyond the methodological and suggest strongly that SF and SE are not the same molecules. Other differences not discussed in detail here are among the strains of mice which produce SF or SE and which are suppressible. Further differences include experiments with A/J mice which do not make SE, but make SF in vitro, and B10 and B10 congenic mice which are not suppressible by SE, but are inhibited by in vitro induced SC (22) or SF. A question of interest concerns the respective roles of these two molecules. This is a topic which has attracted much speculation. There is evidence that SE may be important for the recruitment of SC (37) , and it is possible that this is its major function. Recently, Tada and his colleagues have proposed a scheme whereby Ly2 ÷ 3 ÷ cells shed I-J ÷ SE, which acts on primed Lyl+2+3 ÷ I-J ÷ cells, which then differentiate to become SC, with the SE being a component of a SC recruitment loop. More recent results, however, suggest that Lyl+2+3 ÷ cells interact with Ly2+3 ÷ cells but do not themselves differentiate into Ly2+3 ÷ cells (Tada, personal communication) . On the basis of the data reported here, we think that SF may act at a different locus by inactivating HC, indicating that it is much more of an effector molecule than SE. This still leaves the relationship of SE to SF unresolved. Are these totally unrelated or part of a family of suppressive molecules, or do they have a precurser relationship? Our studies to biochemically characterize SF are still in their infancy, but there is evidence that SF, like SC, is I-J ÷, indicating a family relationship. This may be clarified further by the use of heterologous antisera to SF which recognizes a constant region on all SF molecules. 2 Summary Antigen-specific suppressor factor produced by metabolically active in vitroinduced suppressor cells, upon further antigenic stimulation, act on nylon wool nonadherent, Ly-2-negative target cells within helper cell population, resulting in suppression of both the IgM and IgG antibody responses. Thus the target is an Ly-1 ÷ T cell, possibly the helper cell. All the mouse strains tested so far have been able to produce the factor, and when tested in CBA or B10 mice, there seems to be no genetic restriction involved e.g., nonsyngeneic suppressor factors suppress as well as do the syngeneic factors. Comparison of the properties of suppressor factor with those of extracts of suppressor cells yield differences in origin, target of action and effect, indicating that these are different molecules. The heterogeneity of suppressor pathways is discussed.
